Gläser geschlossene Rb-Sr-Systeme während des Einschmelzens, und sind die Tektite von ähnlichem Ausgangsstoff abzuleiten, dann muß man jedoch Fraktionierung von Rb und Sr annehmen, um die Abweichung der Tektitenresultate von der "Isochrone" der Gläser zu erklären. Demnach ist es nicht mög-lich, genauere Folgerungen aus unseren Messungen hinsichtlich des Ursprungs der EK-Tektite zu gewinnen. Es ist jedoch gesichert, daß eine deutliche Ähn-lichkeit zwischen den Rb-Sr-Beziehungen beider Glasarten besteht. Based on the experimental results of GAULT et al., and on the orbit calculations of ARNOLD, the relative strength of the contributions from impacts of bodies in solar orbit on the asteroids and on the moon has been estimated. It is concluded that the asteroidal belt accounts for at least a considerable fraction of all stony meteorites, but lunar impacts occurring at a rate of about one in a few 10 5 years cannot be ruled out. Small bodies produced in asteroidal collisions which remain orbiting in the belt, can escape from it as a result of repeated "elastic" collisions by multiple scattering. Their life time in the belt is only about 1.4 x 10 5 years. Satisfactory values are found for the mass loss and for the replenishment of the debris in the asteroidal belt.
I. Basic Data and Assumptions
The dominant view on the origin of stony meteorites is that they are part of the debris ejected in the impact of bodies in solar orbits on other members of the planetary system. But how and where they are ejected has long been a subject of controversy. As to the first, the experimental work of GAULT et al. 1 has provided most of the answers. In the following we shall make use of their data on the velocity dependence of the cumulative mass of the ejecta, on the height or range distribution of the fragment mass in lunar impacts (showing, in particular, that at a projectile velocity of 28 km/sec the total mass of the escaping fragments is about ten times that of the incident body), and of the relation between the mass ju of all ejecta and the projectile mass m, [A = b m^ (1) with /?< 1 because of the larger loss rate to irreversible processes at higher impact energies. The value /? = 3/4 appears to give the best fit to their data. We shall also refer to their observation that the mass of the largest fragment ejected is roughly proportional to the projectile mass.
As to the place of origin of stony meteorites, the asteroidal belt has been favoured for a long time. Recently, however, the possibility of lunar origin at least of certain types -the bronzites, enstatites and pigeonites -has again been seriously discussed (ZÄHRINGER 2 , WÄNKE 3 ). Their short exposure age can easily be explained on this basis but is hard to understand if a more distant source region is involved. For others like the hypersthenes and amphoterites whose exposure ages are in general significantly higher, this argument may not hold and the question must be raised whether these two groups of meteorites do not originate in different regions of space. In Section II of this note we shall attempt to derive an answer to this question from very general considerations. The problem will be treated in a crudely simplifying form only, but it is believed that the results do not depend critically on the approximations used.
Briefly, the argument can be put as follows: Although the nature of the projectiles impinging on the lunar surface cannot be ascertained as yet, there is scarcely any doubt that their orbits will also make them traverse the asteroidal belt. Consequently they will suffer collisions with the bodies of the belt as well, and eject fragments from them as from the moon. If we succeed in estimating the ratio of the masses jux and ^ of the material collected by the earth as the result of the bombardment of asteroidal and lunar surface, we can answer our question. Clearly juA/iuL < 1 would imply predominance of lunar origin; /^A/^L ^ conversely, would show that the asteroids are the major source region. But if ^A^/^L one would be tempted to identify the types of meteorites of short exposure ages with lunar debris, and the others with material ejected from the asteroidal belt.
Two further assumptions have been made in these considerations. The first concerns the mass distribution of the -unspecified -projectiles for which a power law
will be taken. A distribution of this kind has been observed for a variety of phenomena ranging from meteorids to asteroids, and as HAWKINS 4 has pointed out, agrees with the comminution law valid for grinding processes. In numerical calculations we shall generally use the lower limit, 5/3, of the exponent which according to PIOTROWSKI 5 is maintained in steady grinding.
Similarly, we shall assume a mass distribution
0(M) m = B-M~?m
for the asteroidal bodies which occupy the belt. If the total mass of all asteroids MA = 10~2 ME , and the maximum mass of a single body Mmax = 1.5 X 10 22 g (corresponding to a radius of about 100 km), we obtain for the number of bodies of
We note for future reference that with y = 5/3 the number of bodies of Mmin^>1.5x 10 10 g (rmin^>10m) will be N = 2x 10 11 .
For the shape of the asteroidal belt we use Arnold's "Astrid" model 6 : a toroidal ring centered upon the sun, with a mean distance /?0 = 2.75 a. u. and a radius r0 = 0.75 a. u., as schematically shown in Fig. 1 . Its volume V is, therefore, about 10 41 cm 3 , and the average distance (d) between the bodies of M :> Mmin is of the order (V/N) 1 '^8 X 10 9 cm. In this model the asteroidal belt contains a large number of small bodies whose total mass, however, remains a small fraction of if y<2. It will be shown in Section III that they will be removed from the belt by the process of multiple scattering in a time short compared with the average exposure age of meteorites.
II. Rates of Lunar and Asteroidal Meteorites
Since observable meteorites must have a certain minimum size, they can be produced only by projectiles of a mass exceeding a minimum value M0 . For lunar meteorites, M0 can be estimated in two independent ways: Firstly, no bronzites younger than about 100 000 years have been found, and altogether 10 of an age less than 2 x 10 6 y. We may, therefore, put the rate of incidence of meteoriteproducing bodies on the moon at about one in 10 5 y, and combine this information with the fact that on the lunar surface more than 300 000 craters of > 1 km diameter have been observed. This represents the minimum number of craters formed since some will have been lost by erosion and obliteration. But the true number is probably not much higher because of the apparently small rate of erosion and of the small likelihood of obliteration. Thus the rate of formation of craters of diameters > 1 km will be of the order of one in 10 4 years or a little less, smaller than that of meteorite ejection by a factor, say, 20. Therefore, in view of the assumed size distribution (2) and of the near-proportionality between projectile radius and crater radius, meteorite-producing impacts will have excavated craters of a few km diameter. At an impact velocity around 30 km/sec, this corresponds to a projectile diameter of 100 m. -Secondly, we use the estimate of the total mass accretion on the earth due to meteoritic bodies, usually given as 1 -10 tons/day. If, say, one ton of this comes from the moon, and if onehalf of the material ejected from the lunar surface eventually reaches the earth (ARNOLD 6 ), then the total amount ejected in 10 5 years -i. e., by one event -is about 7 X 10 13 g. Referring to GAULT'S results 1 mentioned above, we find that this requires a projectile mass of about 7 X 10 12 g, or a projectile radius of about 70 m (iron) or 90 m (stone) -in almost embarrassingly good agreement with the first estimate 7 .
If indeed lunar meteorites originate in impacts of bodies of different masses, that is in impacts of varying "efficiency", the distribution of their exposure ages will be different from that calculated by ARNOLD 6 which represents the survival probability of fragments from a single collision. But we can apply his results to evaluate the distribution which should be observed for strictly average behaviour of the projectiles. To do that, we shall use a smoothedout analytical representation of ARNOLD'S data for the probability p(T) of an exposure age T before capture of a moon fragment by the earth:
which, as Fig. 2 shows, is a good approximation to the results of his Monte Carlo calculations. Noting that fragments observable as meteorites must have masses exceeding a certain minimum value ju0, we find, first, for the total mass Aju of all objects which after an impact of mass m become "potential meteorites"
Here we have made use of the various conditions stated above, and introduced the constant j2 for convenient presentation. -Next we note that for the average time intervals Tm and T0 of impacts of masses m and m0 the relation
will hold. Finally, since no impact of mass m0 has occurred within ro»10 3 y, we shall assume that contributions from masses > m have to be taken into account only for times T as defined in (7). This leads us to assign a weight factor w(T) to the probability of observing a certain life time T:
where we have written for abbreviation a = ß-\-1 -y. From (5) and (8) we thus obtain a probability for observing a meteorite of exposure age T, originated in an impact of all likely masses m,
P(T) =C-T~l-w(T)
. ( 
The choice of r is again suggested by GAULT'S results 1 that in a high-speed impact the total mass of the ejecta exceeds the projectile mass by a factor of the order 10 3 . Collisions with smaller bodies will, therefore, not contribute substantially to the fragmentation process. Also, we note that r appears only in the logarithmic term so that its uncertainty does not affect the results appreciably.
The total cross section oA is now obtained by integration over r with the distribution function (2), and one finds (in the approximation Rma.x ^ Rmin ^ 10 R0) , the minimum radius of effective target asteroids of the fragments will be ejected at speeds exceeding this, and thus not be recaptured by the target body.
This would suggest an "efficiency factor" of the order 100 favouring the asteroidal belt. However, this figure is too high for two reasons. Firstly, the average impact velocity at the distance of the asteroids is only about 2/3 of that on the moon, so that because of ju<x E^ the efficiency ratio must be reduced by a factor ~2. Secondly, very slow fragments will not escape from the belt even if they are not immediately recaptured but predominantly end their lives in "inelastic" collisions with other asteroidal bodies. To survive those an ejection velocity of the order of 1 km/sec is needed which permits only about 3 -5% of all fragments to escape. Taking into account both these factors, we shall adopt the value for the efficiency ratio
which, however, may easily be in error by a factor ~3 both ways.
The estimate of the capture probability presents an even more difficult problem. ARNOLD'S calculations 6 for the asteroidal belt show that 0.4% of all fragment orbits cross the orbit of Mars, and thus become candidates for capture by the earth. For the probability of this event he derives a value of 1.4xl0~4 -in the case of stony meteoritesbecause of their frequent destruction in further passage through the belt. But this should be taken as a lower limit because his model demands an improbably large cross section for the asteroids. His value of 1/2 for the capture probability of lunar fragments, on the other hand, is directly applicable to our problem. We shall, therefore, use (PA/PL) > l.lxlO-6 .
Combining these three factors we obtain finally (/*A/PL) £7.7.
It is difficult to assess with confidence the uncertainties of these figures. We have probably overestimated the geometrical factor (co^/col) , though not by orders of magnitude, and underestimated (PA/PL)-These possible systematic errors, and the uncertainty in (VA/VL) , permit us as a safe conclusion only the statement that the asteroidal belt cannot be considered as a negligible or minor source of meteorites.
The results seem compatible with the assumption that the short-exposure age meteorites originate on the moon, and the long-exposure age types in the asteroidal belt [in which case we should expect (Pa/Pl) ~2], or with predominance of asteroidal origin. A more definite answer could only be obtained if the experimental study of high-speed impacts can be advanced to a state which would make possible a quantitative study also of the mass distribution of lunar ejecta, and possibly if the astronomical features of the model discussed here were introduced in a more accurate form.
Finally, a re-calculation of the exposure age distribution of the asteroidal meteorites, based on ARNOLD'S "short-life" model and the weight functions derived above but evaluated with T0 = 10 4 y (according to the larger cross section) gives the data presented in Fig. 4 . Again it is doubtful whether ARNOLD'S model with its very high collision probability in the belt can be applied without correction. But it is even more questionable whether at present the physical and astronomical conditions could be defined reliably and accurately enough to warrant the effort of a more thorough calculation. Thus we can conclude this section only by stating that bombardment of asteroids and moon by projectiles of a mass distribution (2) will produce effects compatible with the general features of the experimental evidence.
III. Multiple Scattering in the Asteroidal Belt
It will now be shown that in a belt of the dimensions described in Section I, and populated according to (3), the life time of small asteroidal bodies is not determined by the process of actual impactsthe "inelastic collisions". Rather, the much more frequent distant, "elastic" collisions giving rise to small deflections in arbitrary direction, will eventually displace these bodies to distances larger than r0 . In other words, small asteroidal bodies will diffuse out of the belt due to multiple scattering.
Since the bodies will rotate within the ring with a velocity v0 of the order of 20 km/sec, we can assume that velocity differences of the order v0 (r0/R0) will occur. A reasonable estimate for the average relative velocity v of our "particles" will thus be v = 2 km/sec. Consider, now, the "collision" at an impact parameter b between two bodies of masses ju and M, [i ^ M, moving at that relative velocity. The lighter particle will be deflected by an angle 0S, 6>s = 2 GM/(bv 2 )
where G is the gravitational constant. Averaging over the impact parameters and over the masses, one obtains for the mean square deflection in dx (with
• (2 £/v 2 ) 2 'ln(&max/6min). writing o for the density of the asteroidal bodies. The dependence on M is slight, and negligible under the log.) We shall further simplify the calculation by considering the diffusion problem in a cylinder instead of a toroidal ring. Though this is a good approximation only for r0 R0 , it will give us the right order of magnitude also in our case, and this is all we need for the present discussion. -The mean square displacement (y 2 ) perpendicular to the direction of motion after traversal of a distance x becomes (y 2 ) = (0s 2 )-a?/l2, and the life time T of the particle, because of x = v • T and (y 2 ) = r0 2 ,
With the numerical values above, and with 7 = 5/3, M = Mmin = 1.5 X 10 10 g, one obtains 7 1 «4.3 x 10 12 sec« 1.4 x 10 5 y .
It is easily seen that this surprisingly short life time in the asteroidal belt is not strongly affected by our choice of the exponent 7 of the mass distribution law. Furthermore, the results should hold for all masses ^ M, provided only that M Mmax and that the conditions for applicability of the scattering formalism are satisfied.
Three conditions have to be met: (i) the mean free path between two "elastic" collisions must be small compared with r0/@;
(ii) the time Te between two "elastic" collisions must be small compared with the life time T in the belt;
(iii) the time T\ between two "inelastic" collisions must be large compared with T.
Conditions (i) and (ii) ensure the multiple nature of the process, while (iii) shows its predominance over catastrophic collisions.
Turning to (i), we note that can be written
where o =nb 2 is the "cross section" at impact parameter b. Introducing (14) for 0, condition (i) then leads to
which with the numerical values chosen above gives
The condition is thus satisfied for bodies of radii below 10 m, but not for larger ones.
As to (ii), we find that the average time between two elastic collisions, (d)/v, with the value of (d) derived in I is only about 4 x 10 4 sec, very short indeed compared with T. We also see that the distance covered in relative motion during T is v\T«8.3 X 10 17 cm, very large compared with (d). Multiple scattering can, therefore, be effective.
To check (iii) we shall assume that all collisions of bodies of mass M with others of the same or larger mass are "catastrophic", and evaluate the average collision time T; = A,-/v. The mean free path Aj is determined by the total cross section 2 of the asteroidal bodies of mass ^ M , 
Thus, condition (iii) is well satisfied for all masses if y = 5/3, and holds over a considerable range of masses even for larger 7. For instance, 7 = 11/6 -corresponding to a size distribution r -3 5 dr -gives Ti = 1.25 x 10 8 y for M = 1.5 X 10 10 g, and still Ti = 4 x 10 6 y for M = 15 g. We note the slight mass dependence of the life times; but only very small bodies will be eliminated predominantly by "inelastic" collisions. In the mass range of typical meteorites -say, from kg to tons -"multiple scattering" is both possible and predominant.
Let us still consider the mass loss of the belt due to scattering. If all bodies of masses below M(^Mmin = 1.5xlO 10 g) are eliminated within T, one has
The fraction a = (M/Mmax) 2 r lost within T is about 4.65 x 10 -5 if M = 0.1 Mmin, and 10~4 for M = Mm;n. Thus even if the process had been equally effective during the entire history of the solar system, no catastrophic mass loss would have occurred. A life time of the belt in its present form T0 = 4 x 10 9 y requires an initial mass 4 MA for the smaller 3, and M0«20MA for the higher. Recapture may, of course, reduce the mass loss.
The absolute mass loss according to (22) is about 5.5 X 10 7 tons/day. If the orbits of the escaping bodies resemble those of ARNOLD'S calculations 6 mentioned above, the flux rates on earth will lie between 6.6 xlO 4 tons/day ("long life"), and 30 tons/day ("short life"). Recapture by the belt -its slow lateral expansion -may again reduce this figure with should be compared with the estimates of the total mass accretion of the earth, usually given as larger than 10 4 tons/day (e. g. ALEXANDER et al. 8 ; GRJEBINE 9 ). But it must be remembered that in our model "direct" ejection from inelastic collisions should contribute quite appreciably to the escape of fragments.
If small bodies diffuse out of the belt, the distribution must be replenished by debris from the collisions of the larger ones. To this, the impacts of bodies orbiting outside the belt -comets and/or heavy iron meteorites -may contribute substantially, but we can show that the asteroidal bodies themselves could also supply fragments in sufficient quantity. We shall estimate, in a first approximation, the fraction ß of the colliding masses ejected as a result of the collisions by demanding dMA/dt = ß'm-v
where rh is the average mass of the bodies of mass above Mmjn , and v the frequency of their encounters. Thus, about one percent of the colliding masses must be ejected if only these processes contribute.
Lastly a remark concerning the exposure ages of asteroidal meteorites. In the model discussed here, they begin their lives as ejecta from large bodies, diffuse out of the belt in a time short compared with the ages generally observed, and spend the remainder of their lives in orbits outside the belt though probably crossing it in most of their revolutions. In this respect no distinction can be made between stony and iron meteorites. However, a decisive difference will result from the fact that the more indestructible iron meteorites may traverse the asteroidal belt with impunity even if they do suffer collisions, while in such collisions stones will undergo further "grinding", and effectively start a new radiation life. This will give them a shorter average exposure age T §, connected with the long iron life TL by 
where TQ stands for the life time with regard to collisions while traversing the belt. There our meteorites will spend, in a rough approximation, a fraction (r0/R0) of their lives in orbit. Thus
= (v0/v)-(r0/R0)-(l/Ti).
Ti is the life time with regard to inelastic collisions of asteroidal bodies, derivied in (20) resp. (20 a). Since 7Y, is of the order of a few 10 8 years, a substantial shortening of the exposure age of stony meteorites is possible if 7 >5/3, say around 1.9. However, this would also lead to a small but perhaps detectable size dependence of the exposure ages.
